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A Geochemical Profile and Burial History 
of Aurora 890 ##IOCS Y-0943 Well 

Offshore of the ANWR 1002Area, Northeast Alaska 

Abstract: Organic geochemical analyses of the cuttings and sidewall cores 
fiom the Aurora well describe ?hep&olem-gmmahg potential of the Bmokian 
and Breakq sequence rocks offshore of the ANWR 1002 area. Most TOCs are 
low, a d  are mmpmable tn sedimmts h m  the Beaufort-Mackmie basin. 
However, the basal Brwkim and B r h p  sequences have higher TOCs and are 
not canparable. Visual and pymlytic analyses show that indigenous kmogens in 
A m r a  samples are mostly TypeIV or inmte. 

T h m a l m d ~regimes are most accurately defbed by %RO andasWetness 
data.The camgenetic mne iscurrently between a b u t  9 318and 17,500 fi. (2.901-
5,334 m). Burial history reconstructions include sevaal periods of uplift and 
erosionatthis location. The sourcerock analyses and h m a l  m d l s  suggest that 
the Aurora sediments are no$ currently the site of extensivehydrocarbongenera-
tion. However, the C-1% extract data show that hydrocarbons are migrating 
through these sediments h m  an as y e t e o m a n d  m d e M p a o l e m  system. 

tion, based on the burid history 
reconstmction. 

The Aurora 890 #I1well OCSY-
093, offishore of the Arctic National BLM-Alaska Technical Report 
Wildlife Ref'ige (ANWR) 1002area? ## 15 describes, in detail? the geol- 
is the most recently available pub- ogy of the se&menbw section at 
licly released data pertinent to Aurora well, based on log and at-
northeast Alaska (figures 1and 2). h g s  samples analyses and inter- 
"Phis report presents the geochemi- pretations. Plates 1,2, a d 3 are 
cal intevrebtion of the Aurora directly f?om BLM Technicd b-
data. It is also ancillary to BLM port 15. They shaw the logs at re- 
Alaska Technical Report 15 @Log duced scale? the mudlog and log 
Analysis of Aurora 890-#Is OCS internreation and the geochemi- 
Well, OEshore of the kctic Na- cal profile, respectively. Some of 
tional Wildlife b h g e  1002 area, the figures and tables referring to 
Northeast Alaska" (Bmet, 1992). regional geology and specific inter- 
This geochemical profile expands vals of the Aurora well are also 
and updates inhqretation of the fkom BLM #Is.However, most 
upper Brookian and Tuktoyaktuk figures, plates and tables are unique 
depsitiond sequences at this loca- and germane to ody this report. 







Briefly, the Aurora well pen-
etrated some 18,325 feet of sedi-
mentary section.All logunitsiden-
tified belong to Hubbard and oth-
erst(1987)BeaufortianorBrookian 
depositionalsequences(tables1and 
2). The Beaufortian sequence is 
redefinedasthe Breakup sequence 
which stresses the nature of the 
temporally and spatially separate 
pulses of clastic deposition shed 
from severallocalizeduplifts along 
the BarrowArch(Ba.net, 1990,1992 
and Banet and Mowatt, 1992). 

The Tapkaurak Unit of the 
Breakup Sequence is expanded 
from just t h e  Tapkaurak sand to 
include the sandstone and shale 
beneath it. Likewise, the Middle 
Brookian Oruktalik Unit is ex-
panded toinclude the shales below 
the OniktalikSandof UnitIV.The 
Tuktoyaktuk sequence sediments 
are not discernable from the log 
suite,but areinferred at this loca-
tion from regional geology (Banet, 
1990). 


Breakup Sequence 

Banet (1992) interprets Unit 
I, the deepestsectionpenetrated, 
(18,325- 17,325)as Breakup se-
quenceshalesandsandstonesthat 
are correlativeto theKingakFor-
mation (Jurassic-upper Creta-

ceoufi) of onshore nomenclature. 
Regionally,the Kingakrepresents 
up to about 4,000 ft ofpredomi-
nantlyfine-grained,shaley,shelf 
deposits.Sandsoflocal extentare 
more common along the Barrow 
Arch. The interbedded Eingak 
shales and thin sands at Aurora 
are terminated by a lower Creta-
ceous unconformity, the LCU o f  
onshore terminology. 

Unit II,the Tapkaurak, over-
lies the Kingak. It is an overall 
coarsening upwards sequence of 
interbeddedsandstonesandshales, 
These sandstones become thicker-
bedded upsection, culminating in 
the informally named Tapkaurak 
sandstone unit, 16,620- 16,446. 
The Tapkaurak has some similar 
depositonal and petrological 
characeristicsasthe otherpredomi-
nantly sandstone Breakup ee-
quenceunits; the KupanxkFonna-
tion, the Kemik sand and the Pt. 
Thomson8and(toMe&Bmet1992) 

Unit III is the top of the 
Breakup Sequence. It consists 
predominantly of dark-brown to 
dark-grayshale,withsomeminor 
carbonaceous laminations and 
thin-bedded siltstones or sand-
stones. A lower Tertiary 
unconformity (LTU) terminatee 
the Breakup sequence which is 
manifestbythedramaticlogbreak 
at 15,937.Thisstratigraphicrela-
tionship of a lower Tertiary 

http:(Ba.net


Table 1. 

A brief synopsis of nomenclature used tor rifling-related sandstones and 
shales encountered along the Barrow Arch. 

sequence investigators comments 

Barrovian Carman and Hardwick, ainfra-rift and rift sediments 
from a northern source 
-4 distinct depositional units 
*2 limited areal extents; 
*-1,500 km2 active reservoir 
area 
*multiple sand bodies 

Rift Craig and others, 1985 *elastics shed into infra-rift 
basins like Dinkum Graben. 
*may-be---thick 
Â¥relate to locality and time 
intervals 
Â¥doe not include Barrovian 
sediments 

Beaufortian Hubbard and others, Â¥rif went sedimentation 
1986-1987 includes all elastics on Arch, 

Jurassic - mid Cretaceous 
Â¥norther source, with 
multiple uplifts 

transitional basin geometry 
rifting younger to east 

Breakup M e t ,  1990 Â¥rif event sedimentation from 
multiple local uplifts along 
arch axis 
Â¥separate geographically and 
temporally 
*unique sand petrologies 
reflect basement lithologies 



Table 2 

A comparison of lower Cretaceous sands and shales from northern Alaska 


HRZ AT KUPARUK 
I 	 I 

4 - 9 %-roc I 	 I 
shale w/ paper fissility 1 	 PEBBLE SHALE KONGAKUT FM. ARCTIC CK. I AURORA UNIT III
-200' 
Albian - Aptian 	 G R 2  sh. sist, minor sa ss St sh 

1 
1 

LTU e t  top 


LCU basal unconformity 4 members 
sh, ~ 1 s t  & curb sh 


- 1100 ft. thick 

vf. to fine 	grained 1 gray to dk. gray No. Slope regionel dee water lurbidite quartzose very thin beds KALUBIK FORMATION silt shale 5 f t  to 90 ft. beds very silty cuttings 
d c k .  fissile. pyritic unconforrnitie8 - fk. total sand 

below HKZ- 150 API GRZ In Pebble Sh. 	 500 ft.I minor bentonite ~ ~ ; $ o ~ l ~ n g a n i f e r o u s  thins eastward I -SE-NW transport
internal, local HRZ 200 ft. to 300 It. siliceous , hard Ioverlies Kuparuk sands ! floating (lebbles/grajns fioalini chert pebbles 100% recrystallized
mudst & slsl I Kemlk sand - 260 ft. deep marine & lurbidites ' lean source rock 

carbonaceous rich source rock quartz arenlte lo- flutes, grooves & load casts 1 

moderately fissile feldsoathic wacke blk. fissile shale 

pyritic & sideritic 	 very line-grained minor bentonites 
200 ft to 300 ft. I 	 basal contact conformable 
marine deposition 

1
I 

Haul. to Barr. Berriesian - Garremion Albion Aptian 
lower - mid Cretaceous 

Barremian - Aptian I BREAKUP SEQUENCE BROOKIAN BROOKIAN I 
BREAKUP SEQUENCE 

BREAKUP SEQUENCE 1 
I 
I 
I 

KUPARUK I 
I -KEMIK 	 POINT THOMSON AURORA UNIT I1 

below GRZ 	 below GRZ no GRZbelow GRZ 	 LCU basal unconformitymultiple beds 	 ICU basal unconformity LCU a t  base 

sands to 150 ft. thick single unit distinct contacts 
sand & shale 	 sand, conglomerate, breccia shallow marine sand & shale Interbedded ss & sh  

distinct to interbedded angular dolostone fragments coarsens & thickens upwards fine-grained, rounded I 	 sits on basementglnuconitic, sorted 1 	 fine- greined, rounded poorly to well sorted 
174 ft. massive sand a t  top 

in traforma tional 1 well sorted, marine nonmanne Tapkaurak send 
unconformities 1 No. Slope Regional limited lateral extent fine to coarse-grained 

m6rni .X  24mi. units 3mi X 5mi clear to white grains 
distinct contacts 1 northeast trend subrounded/subangular
areally limited unit 1 common! imbricated east-souitteast trend? 	 dolomitic cement

mega- fassj& 	 distinct contacts - 5 rni. X ~ 1 5rni~ 	 barren of fuana unconsol. to med. hard 
Haul. - Barr~ I 	 Hauterivian 

I 
oil & dissolved gas 1 ge= oil & condensate BREAKUP SEQUENCE 

BREAKUP SEQUENCE BREAKUP SEQUENCE BREAKUP SEQUENCE 


KEY; GRZ Â¥ gamma ray zone; HRZ - highly radioactive zone; LCD - tower Cretaceous unconformity, LTU = lower 
Tertiary unconformity. Stratigraphic position and geography emphasized. Some age relationships uncertain. 



m c o d o f i t y  eroding through the 
Breakup sequence is similar to 
the stratigraphy a t  the Pt. 
Thornson-Flaxman area. How-
ever, at  the north side of the Pt. 
m o m s o n - m m m  area? the LTU 
erodes all of the Breakup se-
quence. 

Brookian Sequence 

M i a l e B m k h n  

Southerly-derived? middle 
Brookian sediments comprise the 
section 15?937 - 2,385. These sedi- 
ments are mostly shales and soft 
clays with predominantly thin 
interbedded siltstones and sand- 
stones. M a n y o f ~ e h & ~ d u a l  sand-
stones and siltstones are too thin to 
be resolved on the geophysical logs. 
However? log Units IVthroughXIII 
are &Eerentiated based upon log 
responses and their geoche~s tv .  

Log Unit IV?the Oruktalik 
U N ~ ?is the most notable of the 
Middle Brookian units. This unit 
includes the Odctdik  Sand3 a 
thick; composite, sandstone unit, 
between 14,828 - 14,685.The 
Oruktalik Sand had the most 
prominent gas show in the well 
and some oil staining. 

Interpreted pdeonblo@d data 
&om the Aurora well are not yet 
available so the Midae-to-Upper 

Brookian sequence boundary is 
implied fiom the well logs and re- 
gional correlations. As a t  the Pt. 
Thornson area, the Brookian 
stratigraphy is considered to be 
entirely T e d a v  andyounger above 
the lower Tertiary uncodormity 
(LW).Log Units IV-XIII?between 
15,937 and 2,385, correlate best 
with the middle Brookian Etholo- 
gies. Consequentlys regional data 
constrains them to be Pdeocene to 
upped?) Eocene age. The Flaxman 
Sands (Paleocene) have tested near- 
commercial amounts of oil and con- 
densate immediately west of the 
1002 area (figure2)-

Data fiom Aurora well describes 
a Middle Brookian section that 
fern si@mtly fiom the Middle 
Brookian rocks found in the west- 
ern and central parts of the 1002 
area. Both the basd Bentonitic 
Shde Unit and overlying Colville 
Group shale are missing atAurora. 
The Bentonitic Shale Unit is typi-
d l y  found across the 1002 area. 
Sindar a i d  largely coeval lithalo- 
gies of the Boundary Creek and 
S m o h g m l s  formations are found 
as fm east asthe T&toy&t&Pen- 
h u l a(Banet? l990; Dixon andoth-
ersP1985)mInwells and at outcrops 
dl these units consist of 600 to 
lsOOO fk of black, fissile? organic 
rich(to 14% TOC)? papr/adboard, 
shale and interbedded bentonites, 
The Bentonitic Shde Unit is over-
lain by up to 5000 feet of gray, silty 



shales with some inbrbedded tur- 
bidite sandstones (in the west) and 
gray, smectitic shales (central 1002 
area). These units correlate to 
Dettenmmandothers(1975)Shale 
Wall Member and Colville Shale 
and Molenmr's (1987) upper part 
of the Hue Shale and Carining For- 
mation? respectivelyB of western 
ANWR nomenclature. 

Craigandothers(1985)describe 
the upper Cretaceou~ to Eocene 
section of the Arctic margin con- 
sisting of up to approximately 
18,000fk of prodelta and shelfsedi- 
ments. These are the diapiric or 
mobile shales (Gmtz and May? 
1983). Tectonic compreseion dong 
the Hinge Line has folded and up- 
lifted these sediments donga ridge 
which separates the Barter Island 
subbasin from the Demarcation 
subbasin (figure 2). Middle and 
upper Brookian sediments at Au- 
rora have a very marked south- 
southeast provenance, rather than 
fiom the wesbsouthwest as more 
commonly found across the rest of 
the North Slope (Molenaar? 1983). 
Nomaine  and shallow marine 
facies .of coeval westerly derived 
middle Brookian rocks contairi large 
resewes of low reservoir tempera- 
ture oil in the West Sakand Ugnu 
(upper Cretaceous - Terfiary) de- 
posits near Pmdhoe. 

Seismic stratigraphy of the Ca- 
nadian portion of the Beadort ba- 

sin identifies over 15?000 ft of 
middle Brookian sequence rock8 
with lithufacies that are typically 
more proximal than those identi- 
fied at Aurora. The seismic se- 
quences are the delta plain and 
delta fiont hdes of the Fish Ever 
(Paleocene), the Mak (lower Eo- 
cene) and the neashore/pro-delta 
facies of the Richards (upper Eo- 
cene). Near the international bor- 
der, these &sMli&olow s e h e n t s  
sediments have been deformed by 
both synde postional and tectonic 
folding and faulting. Major offishore 
discoveries such as Adgo, Adlartok 
and Taglu are in the middle 
Brookian prodelta and delta fkont 
sands facies (Deitrich and others? 
1985and 1992). 

Log Unit XIV? from the 
m m d o ~ t yat 2,385?to  at least, 
theendof data at !XNl, is considered 
to be upper Bmokian. This ~ection 
is composed of gray, gummy? clay, 
e ~ m m m o f i h asilts s m b 9  and 
minor mounts of floating pebbles 
or gravels. 

Onshore, the west-southwest- 
erly derived Sagavhrkhk Forma- 
tion (latest Eocene or Oligocene -
early Pliocene) i g  time equivalent 
to UnitXW. Well and outcrop data 
show that the Sagavdrkbk con- 
sistsofupto8?800f%of n o m d e ,  



interbedded and poorly consoL 
dated sands and silts with floating 
chedpbbles, varved clays and silts, 
poorly sorted gravels and bedded 
sandstones. P d d y c o a e d  wood 
is common. The Hammerhead &s- 
covery? wast of the Aurora i~&om 
early Oligocene sands fiom this 
section (Banet, 1990; Scherer and 
others, 1991). 

The upper Brookian section at 
Aurora is south-southeasterly de- 
rived (Plates1a d  10.These se&= 
ments are Xtholo&cally most s ide  
lartothe marine facies of the upper 
Kugmdit (Oligowne), Mackenfie 
Bay (upper Oligocene -Middle Uo-  
cene) and Akpd  (middle - upper 
Miocene) seismic sequences (Dixon 

-	 and others, 1985 and 1992). Mul-
tiple transpesssions m d  regres- 
sions mark the upper Brookian 
depositional sequence inthe Cma- 
dimBeadort. Deitrich and others 
(1985)estimate that the sediment 
thickness on the Cmactim side of 
the border may exceed 20,000 feet. 
Craig and others (1985) estimate 
similarupper B r o o ~ m ~ b e s s e s  

Brookian section offshore. Many of 
the Mackenzie Delta-Beaded Sea 
discoveries are in upper Brookian 
sands, including the largest a t  
Amauligak (Enachescu? 1990; 
Dixon and others, 1992). 

Tuktoyaktuk Sequence 

Analysis of regional data indi- 
cates that at least Borne of the pre- 
domi.nantly east-derived Tuktoyak- 
tuk sequence (Pliocene - Pleisto-
cene) rocks should be present at 
Aurora (Banet, 1990). These rocks 
are commonly referred to as the 
Gubik Formation (mid- Pliocene 
and younger) across much of the 
North Slope coastal areas. The 
Gubikisusudly composed ofclays, 
mostly gray, poorly sorted, -con- 
solidated, silts and sands, with 
cobbles and boulders of igneous ori-
gin; some originating fiom as f q  
away a8 the Canadian Arctic ls-
lands. These lithologies represent 
both nonmarine and marine depo- 
sitional e n ~ r o m e n b .  

in the Demarcation and Barter sub- 
basins- juxtaposed to the Aurora 
location (figure2). 

Unlike the S a m v ~ r k b k  on-
shore, numerous mcodofi t ies  of 
localto regional extents? especially 
a major mid- to upper- Wocene 
uncodorxnity, are p r o d e n t  inthe 
seismic records of thig Upper 

I3inter(i98'?)describes multiple 
marine t a s ~ e s s i o n s  fiom out- 
crops within this section between 
Barrow and the Cmadim border. 
An m a w m c o d o d Q  separate8 
the Gubik from the underlying 
S w a v d r k b k  at outcrops dong 
the Marsh Creek Anticline in the 
ANWR 1002 area southwest of the 



Aurora location. Compilations of 
both onshore and off- shore data 
suggest that the Gubik may be as 
thick as 300 ft in this area (Carter, 
1987 and Dinter, 1987). 

Inthe Canadim Beadort? Iperk 
sediments and the overlying Shal- 
low Bay are partially proximal 
equivalents of the coeval Gubik. 
Both glacial and technic events 
have effected much of these units? 
sedimenbtion. Like the Gubik, the 
Iperk is mostly undefomed and 
overlies folded and faulted middle 
and upper Bmokian sequence units. 
However? the Iperk is over 15,000 
feet thick in the central part of the 
Canadian Beaufort Basin. This 

lowered temperature fkom glacial 
periods have hmat icd ly  afTected 
hydrocarbon generation in much of 
the central part of the 'basin. E-
netic modelling shows the oil win-
dow s u b s ~ s ~ d l y  depressed into 
higher bmperahre regimes in a- 
reas maEected by the compres- 
sional mobilization of the middle 
Brookian shales (Issler and 
Snowdon, 1990). 

~ i i u r e s1 and 2 show that the 
Aurora location is between areas of 
the U.S. and Canadian Territories 
where well and outcrop data are 
available* Major geologic domain 
changes occur going fkom onshore 
tooffshore (south to north) inad&-
tion to the increasing complexity of 

Brookian depositiond sequences 
receiving sedimentary input fiom 
the Mtoyaktuk area(west toeast). 
This necessitates using and ex- 
trapolating from the available pub- 
lic data fiom both areas to recon-
struct the burial history a t  Aurora 
(Banet, 1990; Kelley and 
Detteman, 1989; Dixon and oth- 
ers, 1988; Hubbard and others? -
1987; Rixon and others, 1985; 
Dietrich and others? 1985; Craig 
and others, 1985; Grantz and May, 
1983; etc.). Consequently? the data 
from the Aurora well and its inter-
pretation ties together an impor- 
tant part of the regionad geology* 

Cuttings and sidewdl cores are 
analyzed using standard organic 
geochemid procedure^* The dis- 
plays on plate 3 show the varia- 
tions vs* depth for TOC (total or-
ganic carbon), %h(vitrinite re-
flectance in oil), Gas Wetness 
(head~paceZC2-CaCl-C4), C IS+ 
extractables, and indigenous kero- 
gen types. Kerogen pyrolysi~ andy-
ses produces the Genetic Potential 
(Sl+S2)* Production Index (all 
(Sli-SZ))?Hydrogen Index (S2/ 
TOG)? Oxygen Index (S3lTOC)and 
Tmax data The characte~stics of 

ses determine each log 
unit's oil or gas source potentid 
and extent ofthermal maturity with 
re~pectto generating and presem- 



ing mobile hydrocarbons.' Chro- 
matomap~c data (Plate 4) show 
the distribution of n-alkanes, 
isoprenoids (prismelphflme) and 
the unresolved hydrocarbons. 
Quantatative hydrocarbon ratios 
(Carbon Preference Indexes and 
P d s t a n d p h m e  ratios), and the 
amounts of solvent extracts are &so 
listed. These data are correlated to 
other other North Slope hydrocar- 
bons. 

Sample descriptions accompany 
t h e a n d ~ dd a h b f a s h t e  com- 
parison with the lithology deter- 
mined fiom the geophysical logs? 
andto compare with the mudlog, to 
determine whether sloughing? cav- 
ingor sample mixing occurred and 
may have caused apparent extra- 
neous data. !Phis also offers an op- 
portunity to see what, ifany,M e r -
ences occur between cuttings 
samples (with alarge sample popu- 
lation) and side wall cores (with a 
stratimpEcdly specific sample 
p~pdation). 

Tuktoyaktuk and 
Brookian Rocks 

Total Organic Carbon 

Organic richness is the most 
important aspect of source rock 
analyses (tables 3a d  4). Organic 
richness is a b c t i o n  of the TOC, 
the type ofindigenous kemgens and 

the level of &errrid maturity. A 
d t i c d  minimum concentration of 
organic carbon, approhably  0.3% 
TOC?is necessary for accurate and 
precise quantitative detection, es- 
pecially for ppolysis (tables 3and 
4).Also, merent  kinds of kerogens 
yield different ranges and amounts 
of hydrocarbons at  different levels 
of thermal maturity (figures3 a d  -
4). The side by side display of the 
organic geochemical analyses h-
cilitates the comparison of these 
aspects to the lab results, the cub 
tings vs. sidewall core, the mud 
descriptions and the log interpre- 
tation (Plates3,4, and 5). 

Overall the TUkkoyaktuk and 
Upper Brookian samples fiom Au- 
rora well have mo~tly 1to 2%TOC. 
These vdues arefgrly M o m ~ t h  
a few widespread, but notable 
ferences(Plates3and 5).Theee are 
considered t y p i d  vdues for the 
lithologies 'bsted (tables3and 4). 
In addition, they are rather similar 
to the predominantly marine, 
middle Brookian lithologies ana- 
lyzed fiom well cuttings fiom and 
around the ANWR 1002 area 
(Magoon and other@, 1987; and 
Banet? 1990). But? the Aurora well 
samples have lower TOC's than 
outcrop measuremenb fiom the 
1002 area (Banet, 1990; and Lyle 
and others, 1980). Both Aurora and 
the outcrop samples have notably 
high TOC's in the basal parts of the 
Brookim lithologies. 



Table 3 
Comparison of organic source rock potential by Total Organic Carbon (TOC) and Pyrolysis 

TOC % 

CLASTIC CARBONATE SOURCE POTENTIAL 

0 - 0.50 0 - 0.12 POOR 
0.5 - 1.00 0.12 - 0.25 FA1R 

1.00 - 2.00 0.25 - 0.50 GOOD 
2.00 - 4.00 0.50 - 1 .OO VERY GOOD 
4.00 - 1  0.00 1.00 - 2.00 EXCELLENT 

PYROLYSIS 
Genetic Potential  ( S1 + SZ ) 

equivalent  
e x t r a c t a b l e s  

2 Kg/ ton 2000 p p m  n o  source potent ial  

2 to 6 Kg/ton 2000 t o  6000 p p m  moderate source potent ial  

greater  than 6 Kg/ton > 6000 p p m  good source potential 

< f r o m  T isso t  and Wel te  , 1984 ) 



Table 4 

Characteristics, common classifications and nomenclatures 


of sedimentary organic matte (from Hunt, 1978) 


-- SAPROPELIC 

Kerogen Types I & II Type II Type Ill Types Ill & IV 
(by evo lu t ionary  pa thway)  

H/C
af'c 

1.7 to 0,3 
0.1 t o  0.02 

Organic Source Marine / Lacust r ine Terrigenous Terr igenous T e r r i ~ e n o u s  
( r e s t r i c t e d  & onoxic 
environnents ) 

Maturation Product O i l  Oi l  Shale, Oil  and Gas Coal and Gas Gas and 
cannet coal  res idua l  carbon 
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EXTRACTABLE 
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(mg/g org. carbon) 
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KEROGEN ELEMENTAL ANALYSIS 
(ATOMIC RATIOS) 
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-- 
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Figure 3 
Comparison of maturity indicators 
(after Tissot and Welte, 1984) 



TEMPERATURE Tmax Oxygen Index Hydrogen Index Genetic Potential PRODUCTION INDEX 
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Figure 4 
Pyrolysis information 
(variations of peak heights and Tmax with increased burial; the threshold temperatures of Tmax maturity; and the 

Oxygen and Hydrogen Indexes and Genetic Potential of immature and mature source rocks) 



Much of the Brookian section at  
Aurora can be described as having 
mostly monotonous log response 
(Banet, 1992). Most of the geochem- 
istry for the Tertiary section is as 
monotonous as itslithology (plates 
2 and 3).TOC values are almost all 
approximately 1%to a depth of 
about 15,600. This is not quite coin- 
cident with the Lower Tertiary 
Unconformity picked from the logs 
at  15,937. 

There are several notable, but 
widespread exceptions to the 
predomoinantly uniform TOC's. 
The Upper Brookian between 930 
(where sample data are available), 
and 2,385 has higher TOC's that 
range in value from 1.5 - 2.0%. 
These TOC's generally decrease 
downsection to the average 
Brooldan values of about 1%. Ex- 
ceptionally high TOC's of 3.5%and 
7.5% are at approximately 13,400 
(Unit V). The highest TOC values 
from the Brookian units are in the 
basal part of the Oruktalik Unit. 
Side wall core data are particularly 
noticeable where several samples 
from the 15,600 - 15,937 interval 
are as high as 5%; considerably 
higher than the 1to 2% TOC's of 
the cuttings. Table 3 shows TOC's 
exceeding 4% canbe typically con- 
sidered to have excellent source- 
rock potential. 

In summary, most of the 
Brookian section has approximately 

1%TOC which could be considered 
fair to good source rock potential. 
The upper Brookian samples aver- 
age greater contents thanmost of 
the middle Brookians samples. 
There are also a few widely scat- 
tered, exceptionally rich samples 
having TOC's between about 2% 
and 7.5% which could have very 
good- to excellent potential. How- 
ever, these higher-potential 
samples are generally few and 
widely separated (Plate3).Table6 
compares Aurora TOC's toonshore 
wells (Banet, 1990) which typically 
have higher values for coeval pre- 
dominantly marine lithologies. 

Pyrolysis Data 

Pyrolytic analyses of the 
Brookian section shows some in-
teresting peculariaties germane to 
these kerogens. Data from the up-
per Brookian section have TOC's 
between 1and 2%. Pyrolytic analy- 
sis shows these samples have gen- 
erally low organic richness values 
and low Tmaxthermal maturities. 
Only a few Genetic Potentials ex- 
ceed 2,000 ppm which isthe base of 
hydrocarbon generating potential. 
The derivative data, Genetic Po- 
tential (G.P.),Production Indexes 
(P.I.),Hydrogen Indexes (H.I.),and 
Oxygen Indexes (0.1.)are low, but 
not exceptionally low because the 
rocks are thermally immature. 
Kerogens from this interval plot on 



Table 5 
Comparisonof pyrolysis data from nearby wells and outcrops 

Well Name 	 TOC 
CORONA 	 0.4 - 2.78 
offshora n 

HAMMERHEAD n 	 1.SL 
offshore 	 30% stains 

AK Island 	 2.0 - 26.0 
0.4 - 2.4 

AK Slate A nAw 	 1% +/-0.5 

PI Thornson 1 n 	 1.2 - 2.2 

PI Thomson 2 	 7 - 7.0 
m 0.6 - 2.25 

Pt Thomson 4 TÃ 	 3 - 7.0 
m 1.5 - 4.0 

E. 	 Mikkalsan Bay 0.5 - 7.0 
m 1.2 - 1.8 

W. 	 Mikkalsan Boy 1" 0 2  - 17.0 
m 0.1 - 22.0 

W. 	 Mikkalsan Boy 3" 02 - 11.0 
m 0.4 - 4.3 

Beli n 0.2-8.5. >30 in coat m 0.5 - 2.0 

Canning A ~n 1.0 - 3.0 

Conning 3 n 	 1.0 - 2.0 
m 0.5 - 3.0 

Kernik m 0.5 - 2.0 

Karnik 2 m 	 1.0 - 2.5 
Fin Ck. . m  1 - 2  

OUTCROPS IN 1002 	 03 - go.0 
05 - 3.0 

BENTONtTIC SHALE 	 w 1.5 - 7.0 
c 0.5 - 12.0 

PEBBLE SHALE 	 17. - 27. 
c I % - Â £ Â ¥  

1%- 27. 

KINGAK SHALE w 	 1.2 - 2.3 
c 0.6 - 3.4 

0.5 - 3.0 

w wslb c crops 

MATURITY G.P. P.I. HI 
mnature 6000 c0.20 

ifwat u r e  
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modified van Krevlen diagrams as 
typical immature, gas prone, Type 
Ill (figure5). 

Most of the kerogens from the 
middle Brooldan interval demon- 
strate very low potentid to gener-
ate hydrocarbons, irrespective of 
thermal maturity (Plates 3 and 4 
and figure 5).  In addition to low 
G.P.and P.I. the Hydrogen and 
Oxygen Indexes plot solow onmodi- 
fied van Krevelen diagrams (figure 
5)that they indicate the indigenous 
organic matter is composed of pre- 
dominantly recycled or residual 
organic material which has essen- 
tially no potential to generate hy- 
drocarbons (Tissot, 1984). Much of 
the material identified as amor- 
phous and shown on Plate3should 
be more properly considered as part 
of the Inertinite maceral. 

Overall, the hydrocarbon indi- 
cator values for most of the middle 
Brookian rocks are low - quite low 
considering that the lithologic log 
recorded minor occurrences of peat, 
partially codified wood fragments, 
coal and some oil staining. Onshore 
outcrop samples from the ANWR 
1002 area which are typically se- 
verely weathered have similar low 
pyrolysis values. By contrast middle 
Brookian sequence well samples, 
from immediately outside the 

1002 area, typically have 
much higher hydrocarbon generat- 
ing potential than either the Au- 

rora samples (figure 5) or the on-
shore outcrop data (Banet, 1990). 

Tmax thermal maturity is 
within the diagenetic and 
catagenetic ranges throughout both 
the upper and middle Brookian sec- 
tions. However, pyrolysis shows 
that most ofthese samples are lean, 
which means that they yield few 
hydrocarbons during pyrolytic in- -
duced catagenesis. Two Genetic 
Potentials, at  about 3,500 and at 
about 4,000 showed good source 
rock potential (fgures3and4,Plate 
3). The single sample from about 
3,500 also had an oil-prone Hydro- 
gen Index, and a high Production 
Index, which, considering the dia- 
genetic level of thermal maturity, 
suggests that the hydrocarbons 
were migrated or contaminants. 
There are a few widely. scattered 
(stratigraphically) samples with 
Genetic Potentials having moder-
ate hydrocarbon generating poten- 
tial at about 9,800,11,000, 13,400 
and 14,300. Low Hydrogen and 
Oxygen Indexes indicate that these 
samples represent organic fades 
that are apt to produce gas, rather 
than liquid hydrocarbons. 

Correlative lithologies, onshore, 
have considerably more potential 
to generate liquid hydrocarbons 
(Banet, 1990). The nonmarine 
lithologies have comparable, or 
higher average Hydrogen Indexes 
than most of these predominantly 
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Modified van Krevlen diagrams showing kerogens from the three major 
stratigraphic divisions at Aurora well 



marine shelf, middle Brookian 
samplesatAurora.Thus, the dearth 
of Aurora samples withgood source 
rock potential indicates that most 
of the Brookian rocks are unlikely 
candidates for consideration as 
prime oil generating source rocks 
at this location. This includes most 
of the high TOO, thermally mature 
samples near the base of the 
Brookian section. Furthermore, 
analysis of the middle Brookian 
section indicates that these rocks 
have very little gas generating ca- 
pacity. The predominantly low val- 
ues of the pyrolysis data (G.P.,P.I. 
and 0.1.) show that the kerogens 
are mostly recycled organic matter 
and are very similar to rocks that 
have already passed beyond the 

= catagenetic phase. 

By comparison, there are no 
identified, good, mature source 
rocks in the middle Brookian se- 
quence of the Canadian Beaufort. 
Rather, the hydrocarbon source 
rocks are buried more deeply and 
more basinward than current ex- 
ploration drilling (Issler and 
Snowdon 1990). 

Despite the monotonous lithol- 
ogy, kerogen types appear to be 
more varied through the Brookian 
section than inthe older rocks (Plate 
3).Amorphous kerogen is the pre- 

dominant species described. How- 
ever, this probably means that most 
of the macerals were difficult to 
identify accurately and precisely, 
rather than being truly amorphous 
sapropelic kerogens. Pyrolyitc 
analyses (G.P.,P. I. and H.I.)show 
far too little potential to generate 
hydrocarbons from this material 
thanfromaverage Amorphous kero- 
gen macerals at  these levels ofther- 
mal maturity. Tissot (1984) de-
scribes similar pyrolytic results 
from recycled or residual Type IV 
organic material that has almost 
no petroleum generating potential. 
Thus most of the amorphous mate- 
rial should more accurately be con- 
sidered as Inertinite. (For compari- 
son I use Amorphous as the cor-
rectly identified hydrogen-rich 
maceral and amorphous as the 
catch-all category describing the 
Aurora kerogens) 

This amorphous kerogen con- 
stitutes some 40 - 80%of the total 
kerogens in the 930 to 5,000 sec- 
tion. It comprises approximately 
0 %  to a depth of 9,000, and it 
varies from 5-9596,throughout the 
rest ofthe Brooldan section. Alginite 
is a rare and unique maceral to the 
middle Brookian rocks atthisloca-
tion. ThisAlginitecomprisesamere 
5%ot the total kerogens at about 
8,300 which is its only occurrence. 
EXlnite accounts for some 20% of 
the kerogen at  930but the content 
decreases continuously down-see- 



tion. Exinite is totally absent by 
approximately 6,000 @late3).Only 
one other sample recorded any 
Erinite; 5% at 14,900. 

Vitrinite content ranges from 5 
-40% between 930 to 6,000. It  aver- 
ages 10 - 15% to about 8,300, and it 
varies widely between 0 - 60% 
downsection to about 15,900. Fi-
nally, Inertinite was identified in 
almost all of the samples. Between 
930 about 8,500 it varied from 5 -
20%. Below about 8,500 the con- 
tent varied greatly from 0 - 7096, 
and below 16,000, Inertinite con- 
tent dropped below 5%. Kerogens 
from correlative onshore lithologies 
are mostly Herbaceous or Woody 
with only minor amounts of 
Inertinite or amorphous material 
(Banet, 1990). Kerogens dayzed  
from in and around the 1002 area 
a t  comparable thermal maturities 
commonly have moderate to good 
potential togenerate hydrocarbons, 
including liquids. Evidently organic 
facies, and preservation in the Up- 
per and Middle Brookan sections 
change markedy with the changing 
sedimentation patterns. The kero- 
gens which determine hydrocarbon 
source rock potential of the 
Brookian rocks apparently become 
leaner, across the 1002 area. 

Alternatively, the middle 
Brookian rocks at  Aurora lack the 
thick, gray, marine shales found to 
the west. At least part of the reason 

is  that  the middle Brookian 
interbedded silts, sands and shales 
at Aurora represent more shelf 
depositonal environments than the 
deepwater fades found to the west. 
These typically have predominantly 
terrigenous organic material rather 
than the sapropelic kerogen found 
in deep water shales of the middle 
Brookian, onshore. 

Extractable OrganicMatter 

Bitumen extracts are available 
only for the Brookian sectionabove 
15,830. Total organic extracts 
(Soxhlet extraction using methyl- 
ene chloride) vary between 314 to 
14,269 ppm, with an average vdue 
of 1,305 ppm. The C15+ hydrocar- 
bons range in value between 195 
and 11,644 ppm. Nonhydrocarbon 
asphaltenes and resins comprise a 
much smaller portion of the 
extractables. Asphaltenes range in 
value from 73 to 1,945ppm (table 
6). Plate 5 shows the total extract 
data, plottedlog scale as bargraphs, 
superimosed atop the %Gas Wet- 
ness curve. 

Overall, the C16+ extracts do 
not increase with depth and in-
creasing thermal maturity. In fact, 
they mostly decrease with depth 
and increased thermal maturity. 
Figure 6 shows this source rock 
determination data (extract vs. 
TOO plotted with the thermally 



(pet- cent Cis+  hydroc~rhonextract)  

1 
t' 

THERMALLY IMMATURE 
SAMPLES 

V 1350-1 440 
A 3780-3870 
0 SWC 4097 
E l  SWC 5464 
0 SWC 6161 
0 6420-6480 
X NO CHROMATOGRAMS 

VERY POOR SOURCES 

I0 loo 1000 10000 
C15+ hydrocarbon extract  (ppd 

lo6 

THERMALLY MATURE 
SAMPLES 

Q 9980-10010+ 13280-13310
fi $3700- f3?3O 
4 SWC 13906* 14330- 14360 
#J 14570- 14600 

15050- 15080 
6 15380- 1541 0 
x NO CHROMATOGRAMS 



immature samples at the top and 
the suite of thermally mature 
samples plotted beneath. 

On initial inspection, most of 
the Aurora samples plot as poor to 
fair source potential for oil or as 
potential gas sources (figure6).The 
two highest C15+ extractable hy- 
drocarbon values, 11*644 ppm at 
SWC 3592 and 6162 ppm at  SWC 
4097 are coincident to the highest 
pyrolysis data (Plate3).These high 
vdues show very good hydrocar- 
bon potential and could be consid- 
ered source rocks. 

However, the CIS+ hydrocar-
bon extracts comprise most of the 
sampled 'TOG (95.13 and 33.4096, 
respec~vely). figure 6 shows that 
they plot well into the field of oil 
stained sediments. Also? because 
this portion of the well isthemally 
immature for the generation of hy- 
drocarbon rich bitumen, these val- 
ues reflect the presence of migrated 
hydrocarbons' or conhenation? 
and do not represent the potentid 
of the indigenous hydrocarbons. 
Three additional samples repre- 
senting the intervals 4,770 - 4,860, 
5,400 - 5,490 and SWC 5,464 also 
have anomalously high extract vd- 
ues, high extract'TOC ratios and 
low thermal maturities* but do not 
have anomalously high pyrolysis 
data. These also probably repre- 
sent migrated hydrocarbons. Thus* 
the remaining samples that are 

thermally immature have Cl5+ 
hydrocarbon values between 358 
and 401 ppm with an average of 
390 ppm. They have gasgenerating 
potential or poor-to-f&r oil gener- 
ating potential. 

Other data fiom the extactable 
hydrocarbons shows that  the 
pfishdph-e ratios are vari-
able but overall increase, with 
depth, fkom approfimately 1.00 to 
1.71 through the thermally 
immmature Brookian section. 
Pristandn-G I7 data range in vdue 
between 0.57 and 1-53? ~howing no 
systematic changes with depth. 
CP19s are similarly variable and 
high, dso suggesting immature bi- 
tumens. The satwatedaromtics 
ratios are between approximately 
1.00 and 1.50 and total hydrocar- 
bons are between 54 and 82% with 
no trends related to burial m t u -  
rity* Since the lithologies, andlikely 
the depositional environments, of 
the thermally immature samples 
are all similar? &mges with depth 
should reflect increasing maturity 
effects. No such trends are appar- 
ent except that the anomalously 
high extract samples have C15+ 
hydrocarbon extract values more 
like bitumen fkom thermally ma-
ture samples. 'This supports inter- 
pretation that these anomalously 
high values represent migrated 
hydrocarbons, or con-anb. 

Chromatograms of samples 



fiom this section show that the 
samples with the greatest amounts 
of extractable hydrowrbons are 
severely degraded (Plate 4). These 
chromatopams (SWC 4097 and 
SWC 3592) are devoid of resolveable 
n-alkanes due to severe weather- 
ingor biodegada~on. They are &s- 
tinctly similar to c b o m t o p m s  
of the 04-stained siltstones (Eocene) 
and B e n b ~ t i c  shales (upper Cre- 
taceous) found on the 1002 area 
coastal plain aproximately 18 miles 
south-southwest of Aurora (Banet* 
1990). Samples &om SWC 5464? 
the interval 5,400 -5,490? and4,770 
- 4,860* also have high total C15+ 
extract vdues and high percent- 
ages of hydrocarbons. These ap- 
pear to be mm&dly-matwe ma-
rine-derived hydrocarbons Plate 
4)* 'This observation dso supports 
that they represent migrated bitmu 
men* The remaining chromato- 
grams have bimodd alkane distri- 
butions with high CPSs common to 
immature extracts, and most have 
a bimodal hump of nomesolveable 
compounds, reminsicient of'terrig- 
enous kerogens Plate4).Note h o -  
matograrn similarities between the 
nomesolveable humps of the ther- 
mally immature samples fiom Au-
rora and the c h o m t o p m s  of se- 
verely dbredweathered samples 
from Kavik Creek and along 
Kktakturuk Creek of the 1002 area 
(Banet, 1990). 

Analyses of hydrocarbon ex- 

tracts* oil seeps and stains fiom 
onshore representing approxi- 
mately coeval and nonmarine fa-
cies of the immature section at 
Aurora areall severely altered and 
weathered (Banet, 1990, Magoon 
and others 1986, Magoon and 
Claypool, 1981). By contrast, the 
Prudhoe suite oils generated &om 
predominantly marine source 
rocks* have pds-elph-e ra-
tios less than 15 and gas chm- 
matograms which reflect a mature, 
and marine source rock derived 
cmde 0% 

The thermally mature 
Brookim C15+ hytfrocarbon ex- 
tract samples lack the anoma- 
lously high values of the migrated 
hy&omrbons that are con~picu- 
ous in the immature suite. These 
mtwe-smple  hydrocarbon ex- 
tracts range fhm 195to 879ppm 
with an average of 397 ppm These 
vdues are similar to the suite of 
immature samples mc?should be 
n o d  for their level of thermal 
maturity. Note also however, that 
there is no appreciable increase of 
extractables content with depth, 
even though thermal maturity 
reachesthe ed -abene t i c rmge  
(Plate 5). 

These thermally mature sample 
extracts plot ash a ~ g b e h e e nMr 
to excellent potential oil generat- 
ing sources (figure 6)-By contrast 
however,thepplysisdatathrough 





Table 6 
Datafrom eluted C15+ liquid chromatatographic fractions 

ratios HYDROCARBONS NONHYDROCARBONS 
INTERVAL/ $ TOG extract/ Pr/Ph Pr/ CPl total total 

DEPTH g (%) 7'OC f5?] ratio nC- 17 Extract on HC': 

1350 - 1440 V 2.01 

3700 - 3870 A 2.t 7 

3300 SWC x 1.50 

3592 SWC x 1.56 


4097 SWC 0 2.26 
4770 - 4860 X 1.67 

4962 SWC 0 1.55 

5400 - 5490 X 1.60 


6420 - 8480 O 1.56 

5464 SWC X 1.18 

0101 SWC Q 1.22 

7800 - 7060 X 1.14 


13700 - 13730# 1.11 
14060 - 14090 X 1.40 
13906 SWC <Si 2.10 
14330 - 14360% 1.27 





Breakup Sequence 

Total Organic Carbon 

TOC9s fkom the Breakup Se- 
quence at Aurora vary between 
about 0.5 and 3,596,with most 
values fdling between 1and 2%. 
Unit 111, 15,937 - 16,446 shows 
about a 1%diEerence between 
sidewall core values (SWC3s) 
which are slightly less than 1% 
and cuttings samples which are 
2% and greater. This shows that 
either the SWCps are not repre- 
sentative of this section or that 
some of the overlying* organic rich 
BooEan cuttings have mixed with 
Unit I11 cuttings. However, stuck 
pipe and drilling problems neces- 
sitated side tracking at  about 
15,503 and a t  16,556. These prob- 
lems resulted in poor sample re- 
covery and the probable addition 
of lost-drdation materials war- 
rant suspicion ofthe andyses fkom 
this part of the hole. 

TOGS are mostly around 2% 
through the upper portions of the 

' 

Tapkaurak Unit 16,446 - 17*000 
coincidentwith the increased sand 
content. TOCs fdl  to about 1.25 -
1.50% towards the base of the unit 
at 17,325. TOG8 though Unit I, 
the Kingak Fomation, range be-
tween 1.12 and 2.7'796, with an av-
erage of 1.55%. The TOC's fkom 
these three Bretlkup sequence units 
are comparable to the TOC mea-

surements fkom stratieapEcdly 
equivalent onshore units. TOC5s 
range between 0.4 - 5.1% for the 
HRZ and Pebble Shde units and 
fiom 0.6 - 3.4% through the Kingak. 
Fomation, where tested in and 
around the 1002 area (Banet, 19909 
Magoon and others, 1986, andLyle 
and others 1980). 

Pyrolysis 

Pyrolysis data for the Breakup 
sequence samples plot aspredomi-
maygm-proneTypelSIkerogens. 
By comparison they appear to have 
more potential for generating hy- 
drocarbonsthan m y  of the mature 
Brookian samples. Many samples 
fiom the Kingak and Tapkaurak 
Units dgo appear to be less ther- 
d l y  altered than the kerogens 
fbm the overlying, thermally ma- 
ture Brookian samples (figure 5)* 
mese obse~ations reidorce the 
inbqrehtion that much of the 
kerogen fiom the nxiddle Brookian 
section is recycled, mostly inert, 
organic material rather than kero-
gens having hydrocarbon generat- 
ing capacity. Additiondy, these 
d y s e s  may reflect contamha- 
tionfiorn ddEwad&tives though 
the Breakup sequence*. 

Similardata from the onshore, 
show that the Pebble Shde unit, 
which is partly coeval and 
comelatabletothe Tapkaurak Unit 
has Genetic Potential6 generally 



less than 2,000 ppm andmostly low 
Hydrogen Indexes, 35 - 400 rnglg. 
However, the onshore data are from 
widely Wering thermal maturities 
which Sec t s  the comparisons of 
much of this data. The King& For- 
mation has Genetic Potentials 
mostly less than 5,000 ppm and 
slightly lower Hydrogen Indexes, 
25- 350 mglgthan the Pebble Shale 
Unit (Mile 5) 

Thermal Maturity 

The thermal maturity data, 
%Rat TAI, Tmax and Gas Wetness 
show that the diagenetic zone is 
&om the hgining of data at 930 to 
9,518. These data have a single 
trend through the iliagenetic see- 
tion. The %&, Gas Wetness and 
Tmax increase with depth a t  mod- 
erate, but appro~mately constant 
rates. However, the rateofincrease 
and the onset of thermal maturity 
vary for the TAI d e t e d a t i o n s  
(Plates3and5, table 7,and appen- 
dix)* 

The maturity indicators concur 
indicating that the catagenetic zone 
extend^fiom9,sI8toabout 17,500. 
The onset of catagenesis picked at  
the pronounced offsets of the %Ro 
and Gas Wetness data. These off- 
sets coincide most closely with the 
log breaks which separate U N ~  IX 
from Unit X (Plates 3 and 5). 
Through the catagenetic zone the 

%Ra, varies fkom 0.55% to about 
1.8%. The Gas Wetness curve 
abruptly increase fiom about 25% 
through the diagenetic zone toabout 
70%. Through the catagenetic zone 
Gas Wetness typically ranges be- 
tween about 60% and 80% (Plate5). 
Highest Gas Wetnesg values 
(greater than 80%) occur between 
12,600 and 14,685. This interval 
includes the Oruktalik sand fiom 
which a minor gas show was re- 
corded, but not tested. There is a 
Gas Wetness minimum a t  about 
the base of the middle BmoEan 
sequenceat 15,937. But, this mhi-
mum is not considered to be the 
base of the t h e m a y  mature sec- 
tion because wetness values 
steadily increase again to  about 
45%, down to about 17,200. Below 
17,500 Gas Wetness declines 
abruptly. 

The %Ra (0.55%) for the begin- 
ning of catagenesis, at Aurora, is 
slightly lower than the more typi- 
cally accepbdvdue of O.6O%. How- 
ever, there are at  least three rea- 
sons for using this lower value for 
the onset of thermal maturity a t  
Aurora. At the 9,51810gbre&, there 
is a distinct offset (at least 0.05% 
across the log-break) to the %&I 
data.Inaddition, the kerogew fiom 
this section are markedly Hydro- 
gen-deficient(figure5),and Hydro- 
gendefi~entkerogens, ~ u & a s  -
III,typidly begin to yield hydro- 
carbons atlower thermal maturities 



Table 7 

Stratigraphic and thermal maturity date used in the burial history model 


Tuk llncmfom4t y  
prthia 

missing Hio-Pl i o  

Miocene tmc 
hiatus 

miss OLig-H$o 
X I V  U Brwkian 

hiatus 

U B r o o k i ~ . U m  
hiatus 

, x 1 1 1  
X I  1 

X l  
x 
Ix 

V I I l  
V I  1 

V l  
v 

I V  Oruktaltk 

Mid Brookten U 
hiatus 

HRZ 
1 1 1  

t i  Tepkaurek 
hiatus 

leu 
hiatus 

1 Ulngak 

Present 
section 

f t  
-.,-*-

50 

250 

2085 

1050 
1243 
1307 
3533 
972 
805 
798 

1159 
4?3 

2212 

509 
879 

2000 

F formation deposition 
H depositionat hiatus 
E erosional event 
0 eroded unit 

Missing 
section 

f t  

-2000 

2000 

-2000 

ZOO0 

-2000 

-2500 

1500 
500 

-2000 

500 

-2000 

Average 

*-.--

2.62 

2.62 

2.6 

2.6 
2.59 

2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.59 
2-59 
2.6 

2.61 
2.51 

2-53 
2.58 
2.6 

2.6 



Table 7,continued 

Geothermal Gradient Data 
sectfon 1 section 2 sect 

T!m Depth 1 Gradient Dtpth Depth 
(uaj f t  f t( O ~ f l ~ ~ ~ f t )  f t---- - m e  .---- ------------. 

0 0 10 %I8 14000 

40 0 12 8000 15000 

63 0 12 5000 


100 0 15 5000 

135 0 12 3000 

140 0 12 


8ofeHole ~~~~~~~e Table cur~ent Surface T a t p  8 -10 
Depth Temp Factor Current Heat F l w  = 2.00 

(feet) (%F) Current Surface eitvatiuw -40.1 
----*- *--.--a - 0 e . m - Ut l  Oat8 

3040 62.1 2.0 Longitude m 0-OWOOMO 
94V 158.0 1.5 Let$ tude = 0.0OOWMO 


14928 ,203.0 1.2 ICE Elevation = Q.00 

15500 255.0 1.1 

18325 325.0 1.0 


0 
100 
100 
100 

0 
300 
300 

0 
300 Model Parameters 
too Compaction = Mchmical 

0 T h e m l  qktculation Gfadfrnt 
200 Me EHT8s = Smmth 
300 TT1 Ref t r m e  T m p  = 105.00 
300 TT1 Dad?ting TeqJ = 10.00 

0 naturtty Calculation Lopatin 
300 Kinetics Caicubtim - Quick 
no T i m  interval = 5-00 

0 Depth Interval = 1000.00 
200 integrate Depth = Yes  

0 Ktro@m Mode = LLHL 
0 

300 



&nured Maturity table 
Depth ffio ?A1 TÃ‘ 
<fettl 
- - - - *  -*-* -**-* -*-*-

1170 -30 426 
t i50 .11 l20 
1710 .35 &2& 
2070 -36 427 
V3W .3& 424 
2610 .36 421 
2970 .37 i Z 1  
3183 .39 41& 
3509 ,313 i17 
3817 -39 427 
A135 -37 426 
Wt .37 422 
6666 .37 42s 
5123 -42 ll24 
5370 .41 425 
5663 .44 (22 
5962 -36 tl2 
&U6 -41 . its, 
Wt .39 2.0 4Z3 
7152 .Ã 2.0 423 
7438 .47 2.0 424 
7712 .41 2.0 Ã‡2 
80S9 .&3 m 
9249 .69 i2& 
9360 -56 2.0 437 
9830 -55 2.0 t35 

10130 .&I 2.0 426 
-30 -58 2.0 433 
10457 .60 2.0 435 
1mo 4 6 0  2.0 437 
11m *60 2.0 439 

HÃ‘ntire ftetwity Table 
Deph XRo TAI TM 
(feer)----- ---* -**-* ***** 

11300 i62 2.0 439 
11630 -61 439 
11910 -63 2.2 UO 
12200 -65 2.0 430 
12230 .61 2.0 419 
12254 .tt 2.2 4.41 
m 3 a  .?4 2.2 uo 
13100 ,7'1 2.2 Wt 
W O O  .78 2.6 429 
13670 ,79 2.8 U& 
13B21 e65 2.6 445 
14000 .06 2.5 W 
14300 .91 3.0 &51 
U S E 8  1.10 3.0 &M 
W O O  1.17 3.0 0 
1 4 W  t.10 W 
15200 1.15 3.2 453 
15530 1.23 3.0 458 
15762 1-51 490 
15B3D 1.48 3 2  677 
16100 1.47 3.2 
16401 1.57 3-2 472 
16700 1.69 3.B 472 
16705 1.59 3.4 501 
16950 3.4 470 
17160 1-56 3.4 U S  
17310 1.72 448 
17&0 1.90 U 5  
17820 2.05 65 1 
%TWO 3-8 AS? 



(Tissot and Welte, 1984).'Finally, 
the Gas Wetness curve calibrates 
very well tothe onset ofcatagenesis 
at  9,518. Through this section TAI 
values increase irregularly, 
whereas Tmax data increases 
steadily. 

Overall? the TAI's are variable 
and increase through the 
catagenesis internal. They show a 
pronounced shift to higher values 
in the deeper part of the section. 
These TAI data are not sensitive to 
lithological changes. h addition, 
there is a data gap in the i n t e ~ d  
between the high catagenetic val-
ues and the metagenetic values 
where data are available (Plates 3 
a d  5). 

The Tmax data show an overall 
steady increase through the 
catagenetic zone. However, there 
is noticeable disparity between 
SWC's and cuttings data Tmaxval-
ues through approximately the 
16,000 ta 17,000 interval. This is 
through the lowest h d d e  B r w b  
and upper Break up sequences. This 
disparity coincide8 with Merences 
observedinTOC data between cut- 
tings and SWC through the same 
internal (Plates 3and 5). An intid 
observation is that the hole prob- 
lems encountered through this in-
ternal are suspect for resulting in 
probable/possible sloughing and 
mixingof samples. 

Below about 17,000, Tmaxdata 
are uniform again. However, these 
data are offset by some 25 degrees 
to lower values. At a first approxi- 
mation, this appears to be related 
tothe lower TOC's and higher pyro- 
lytic generated hydrocarbons 
through the intemd 17,000 - TD 
(PZutes 3 and 5). Again? this offset 
may be because of the introduction 
of circulation materials to the drill- 
ing mud. There are some problems 
attendant to involking drilling mud 
conMnation. One ofthese isthat 
a typical l i~osu l fonab  drilling 
mud additive would likely c o n M -  
nate the mud with relatively high 
TOC readings. A li@te-derived 
mud additive should also reflect a 
thermal maturity of %&= 0.3 to 
0.4 or a Tmax of about 400 degrees 
Celsius. Neither these low vitrinite 
reflectance values nor a bimodal 
distribution of data points are re- 
corded in the data.Consequenay, 
c o n h ~ n a t i o n  by liposulfonate 
drilling mud additives does not 
adequatdy explain the reversals in 
data trends below about 17,000. 

Within the catagenetic zone, the 
Ro thermal maturity plots show 
three distinct sections; 9,518 -
12,600; 12,600 to 15,937 and fiom 
15,937 to  'ID (18,325). Both the 
%RQ and % Gas Wetness show 
abrupt changes to distinctively 
higher valuea, which mark the top 
ofthemal maturity. At 9,518 there 
isbothachange in the steepness to 



the slope of the %R,o line and an 
offsetin %Ro vdues.This offset codd 
indicate that there is major change 
in themal regime to more severe 
conditions or that there is an  
unconformity at  about this level. 
Extrapolating upwards, the slope of 
the 9,518 - 12,600 segment suggests 
that about 37000 or 4,000 feet of 
section may have been eroded (Dow7 
1974). On first interpretation this 
could be an  indication of the 
unconformity that separate8 the 
Middle from the Upper Brookian 
(Hubbard and others, 1987). Row- 
ever7 analysis of the logs, padim- 
lady the sonic? show only minor 
variations a t  this level. These minor 
log variations are similar in scope 
and magnitude to those separating 

- the other Brookian log units where 
there are no uncododt ies  SUB-

pected. Thus, this oBset to the %& 
at9,518isnot considered to be coin- 
cident to a major m c o d o e t y e  

The lZ7600- 15,937 section of the 
%Ra cabgenetic maturity plot is 
considerably steeper than the over- 
lying section. This steepness sug- 
gests a pronounced or punctuated 
inereape in themal regime. Though 
this section, both TAI and Tmax 
data reflect this level of thermal 
maturity by their values, but they 
are appmnayless sendive tovaria- 
tions than %Roe Gas Wetnes~ de- 
clinestoa minimumat about 15,937. 

Between 157937 - 17,500 the 

%hdata &om both the cuttings 
and SWC%are uniform in vdue 
and reach the high end of 
catagenesis. Apparently any off-
set to the %Ro data from the LCU 
(whichis a t  17?325) has annealed 
suflicientlyto be unnoticeable. The 
disparity seen between cuttings 
and SWC7s in the TOC and Tmax 
data through this section is not 
apparent in %bdata. Plates 3 
a d 4 show similar %Ra cuttings 
and SWC values. 

Below approximately 16,000 
and to TD,the %Ro slope is still 
about the same as in the overlying 
section, but there is an ofbet to 
lower %Ro vdues. In addition, 
Tmax data are offset to lower vd-
ues below 17?000 which also sug-
gests less the& m ~ t y & o % h  
the deepest part of the well. 

As skated earlier* drilling con- 
taminants(both chemical additives 
and doughed cuttings) are inme- 
diately suspect for tihis m o d y e  
However,similarbhrelatiombps 
wodd exist if more thermdly ma- 
ture rocks were rever~nfadted over 
a section of less t h e m d y  mature 
rocks. Along this part ofthe Hinge 
Line (Craig and others, 1985)and 
upsection of the do=-bbasement 
n o d  faulting? reverge faulting 
likethiscould be a distinct possibil- 
ity. 

However? analysis of the logs 



and the limited publicly available 
seismic data (Bird and Magoon, 
1987) indicates that this thrust- 
fadtinteqrehGon does not readily 
seem to be the case. Mtematively, 
the entire section between 12,600 
and TI3 may have the same ther- 
mal history and only the %Ro and 
Tmax data have large variance. 
Until more data are available, the 
interpretation of the data below 
17,000 remains somewhat of an 
enigma. 

The Aurora well penetrated 
some 3000 f3more of sedimentary 
section than any of the nearest 
wells. Aurora well also has the high- 
est recorded bottom hole tempera- 
ture (BEIT) and the highest geo- 
thermal gradient (feure 7). Where 
data are available, corrected BET'S 
(by graphical extrapolations) are 
shown. Otherwise, BHT's shown 
represent the temperatures taken 
afker the maximum mounts of cir- 
culation. 

Most wells in this region have 
an average geothermal gradient 
appro*ately 12degrees Fahren- 
heik/lOOO fi, especially for the sec- 
tion above appro imkly  14,000 fi 
(figure 7). These wells represent 
input fiom four distinct but locally 
overlapping subsdace environ- 
ments. The deeper offshore, repre- 

s e n t ~areas where the pre-Brookian 
part of the section has been influ- 
enced by the Breakup or RZting 
events. These wells have high geo- 
thermal gradients in the deeper 
part of the section because of the 
high heat flow associated with the 
rifting events. In addition, along 
the hinge line there are areas of 
higher geothermal gradient associ- 
ated with the ductile movement of 
the mobile shales (Craig and oth-
ers, 1985). 

West of the 1002 area, most 
coastal plain and shallow offshore 
wells commonly test a relatively 
undisturbed section by compres- 
sional tectonics. Northward 
prograding Brookian clastic rocks 
comprise most of w i t s  tested. F S  
ndly the mountain eont m i t erep-
resents areas uplifted by the com- 
pressional tectonics of northeast 
Alaska. Geothermal gradients 
through the sedimentary section 
on the hangingwall of thrust faults 
are typically high because of their 
previous deeper b e d .  Sedimen- 
tarysections on the overthrust foot- 
wall are also high owing to their 
deep burial and relatively rapid 
thermal eqdibration (F'urlong and 
Edman, 1984). 

In general, geothermal gradi- 
ents are lower through the Brookian 
rocks than through the Breakup or 
Ellesmerian Bequences. Wells h m  
allfour tectonic en~ronments have 
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Temperature gradients from Aurora and nearby wells 



higher geothermal gradients for 
s t r a ~ p p K csectionsb~eddeeper 
than about 14,000 fk regardless of 
the depositional sequence tested. 
These deep-section wells typically 
have geothermal gradients of 14t o  
15degrees (F&redeit)/lOOO fi. 

At Aurora, the geothemal gra- 
dient of approdmably 12 degrees/ 
1000 fk through the upper part of 
the well, This is similar to most 
wells which tested apredodnanfly 
Brookian section (fgure 7). The 
lowerpbofthe well shows ahigher 
geothermal gradient of about 15 
depeedlOO0 fk. Aurora had the 
highest recorded BHTofthe nearby 
wells. This may reflect the- in-
fluences fkom rifling events, prox- 

-
imity to fault-cored diapiric move- 
ments of shales along the Hinge 
b e ,  or possibly influences fkom 
both phenomena. (Note that data 
forBHT corrections were available 
for only wells immediately west of 
the 1002 area. Aurora is not cor- 
rected.) 

Geochemical modelling egti- 
mates the amount and Ends of 
hydrocarbons that have been gem 
erated fiom source rocks in a bash. 
First order, or psuedo-first order 
readion mechanics best describe 
the naturally occurring transfor- 
mation of kerogens into hydrocar- 

bons (Lopatin, 1971, Conan, 1974; 
Waples, 1980). Andyses ofwell and 
outcrop geochemical data provide 
idomation describing the present 
geologic con&tions, whereas suc- 
cessfid modelling incorporates age 
data, stratigraphy? various 
petrophysical properties and ther- 
d maturity data to determine 
when, in basin histmy, hydrocar- 
bon generation began and reached 
its zenith. 

Consequently, an accurate de- 
termination of burial history h m  
age data and se&mentation rates. 
is neccessary to constructing a us- 
able model. Waples and others 
(1992) elaborate that even under 
the be& of mnclitions, combining 
the thermal maturity data? tecton- 
ics, s e ~ e n t o l o ~ ,  petrology and 
paleontology data, with their in-
herent uncertainties is tantamount 
to anart form. Thus, aswith ded- 
h gwith uncertainties in data? there 
are a range of values or multiple 
pas~iblescenarios which iflustrate 
plausible burial histories thathonor 
the data. Changing the timing and 
duration of the various geologic 
events is a veritable juggling act 
which interplays in a complex man- 
ner to change the results. 

Comereally available soft- 
warefacilitates generating multiple 
burial history scenarios which test 
the various hypotheses. This Au-
rora well analysis used B M W O D  



version 2.37 from Platte River As- 
sociates, h ~ .(Any uge of trade* 
product or firm names in this pub- 
lication is for descriptive purposes 
only and does not imply endorse- 
ment by the Bureau of Land Man- 
agement or the U.S. Government)* 
Severd input parameters (such as 
initial porosities, compaction coef- 
ficients, heat flow data, etc.) are 
shard wired" into this program. 
These values are based on litholo- 
gies interpreted from the logs and 
cuttings descriptions (table 7). 
Waples and others (1992) also pro- 
vides useM data on modifying the 
thermd history and rock property 
input parameters. In general, these 
represent average values for sirni- 
lar sediments and they are useW 
towards determining the thermal 
maturity model. But note that their 
vdues probably exceed the preci- 
sion of the the iderred age and 
estimated burial rate data (table 
7)* 

Since the Pdmnb@ddak  was 
not released with the logs and geo- 
chemical data, burid history re- 
constructions are modeled from 
publicly available North Slope b-
fornition. Periods of depostiod 
hiatus accompany the modeled 
mcodoht i e s  to reflect some of 
the iderent uncertainity in tim-
ing. Also, it serve8 to  visually un-
derscore these events (Mure8and 
table 7). 

In addition to well data, the 
burial history reconstmceons em- 
phasize that regional trends in the 
geology* such as unit thicknesses, 
ages of the units and events and 
thermd histories, fkom along the 
axis of the Barrow Arch feature are 
more representa~ve of what likely 
occurs a t  Aurora rather than the 
geology fiom the Colville trough or 
the f o o ~ l s .  

Currently, there are few pub- 
lished burial history remnstruc- 
tions and Lopatin thermd matu- 
rity dekrminatiom for northeast 
Alaska. Magoon and others (1987) 
model the Tertiary section for the 
Point Thomson Unit No. 1well fkom 
an area about 80 miles to the west 
(figwe2 well; desima&dUl). Their 
model shows rapid burial during 
upper Cretaceous and most.of the 
Paleocene (GrapEcdIy estimated 
at 700 feethnil,lion years). "Phis ia 
followed by a constant burial rate 
of a b u t  200 feeU~Konyears since 
the upper Paleocene. It also repre- 
sents a constant rate of lowering of 
geothermal gradient with time* 
Banet's model (1990) for the West 
Staine8 No. 2 well (figure 2) is 
similar except that it lowers the 
geofiemd-aent h q h d t h e  
Tertiary and does not project per- 

ost back to the Pdeocene. 

Da tahm both these wells show 
the onset of thermal maturity at  
depths of approimably 12,000 to 
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13,000 fk. This depth to maturity 
agrees with most ofthe other coastal 
plain wells northwest of the 1002 
area. (For comparison, the onset of 
thermal maturity around Prudhoe 
Bay is 8000 to 9000 feet.) Maxi-
mum burial depths were reached 
duriqthe Pliocene and subsequent 
uplift hasbeenless than about 500 
ft. Both models suggest that 
catagenesis in the Pebble Shale 
Unit and the upper Cretaceous 
Bentonitic shale began some 5 mil-
lion years ago in this area. 

However? these burial history 
models are simplifica~ons of the 
Pt.'Phomson area. Both seismic and 
field geologic data fkom the APJWR 
1002 area show that  the Pt. 
Thomson area has a subsmtidly 
less complicated technic and sedi- 
mentologic history than at  Aurora* 
A stratigraphically simplisitic 
burial history model using similar 
assumptions for Aurora does not 
generate the maturity or tempera- 
tures encountered in the well data. 

Issler and Snowdon (1990) 
model burid histories of wells f?om 
the C.anadian Beaufort and test 
hydrocarbon-generation experim 
mental kinetics fiom laboratory 
experiments. "Phese models reflect 
input accomodating the chang- 
ing heat flows a d  depositional epi- 
sodes related to both rifking events 
and subsequent rapid burial events. 
The available seismic data fkom 

the 1002 area and the near offshore 
(Bird and Magoon, 1987; Craig and 
others* 1985; Grantz and May, 
1983) indicates that the burial his-
tory at Aurora is more similar to 
some of the Canadian Beaufort 
wells than the Pt. Thomsori area 
models (Banet, 1990 & 1992). 

Table 7 shows Aurora burial 
Esbry mmmtmction data.Experi-
menting with models shows that 
burid effects of more recent epi- 
sodes far outweigh those of older 
events. 'This is particularly true of 
erosiond events and missing sec- 
tions a t  Aurora. 

Ihave estimated the amounts of 
erosion and dss ing se&ion a t  ap- 
proximately 2*000 ft for the Ter- 
tiary events* For the nature of this 
initial approximation and the 
amount and kind of data available 
(seismic and p d e o n ~ l o ~ c a l )  at &is 
time?Ifed that thisis s&cient for 
the initial burial Esbwmodelling. 

Regional data suggest that 
ferent parts of northeast M a ~ k a  
may have undergone considerably 
more numerous and/or extensive 
uplifts and erosiod episodes. In 
f a c t t h e ~ & ~ ~ & t ~ u n ~ o d o ~ t ~  
can be modeled as removing only 
500 fi of section fkom an equally 
thick upper Brookian section and 
they still closely approximate the 
data* 



However? I choose uniformity 
for this initial comparative eEort in 
which the thicknesses can neither 
be confirmed nor denied, except 
perhaps arguably. Most impor- 
tantly* these burial history esti- 
mates best fit the thermal matu- 
rity data derived fkom the well 
samples (table 7and append&). 

Aurora well is located in an 
area where considerably less data 
is available than for the previous 
modelling attempts# It is likely 
that there are several additional 
m c o d o h t i e ~  of limited ared 
extent and/or depositional hia- 
tuses that exist but are not re- 
solved on the available data. How- 
ever? note that substantially 
greater sectiom* result in models 
that do not honor the present ther- 
mal maturity data and profle. 

Both A m r a  well data and re- 
gional analogies comprise thickness 
and age estimates for tihis burial 
history. This Aurora model has 
Kingak shale no younger than 
Oxfordian as  Carman and 
Hardwick (1983) r e p r t  &om the 
K u p d  Ever area. The merit 
King& thickness for this location 
is estimated to be approhately 
2000 fk with another 2000 fk of the 
uppermost Jurassic and lowest 
Cretaceous eroded at the LCU. 

The Tapkamak Unit and the 
overlying Unit 111 are dso con- 

strained by ages of the Breakup 
sequence at Kuparuk River. They 
are considered approximately 
Hauterivian-Barremian and 
Barremian-Aptian, respectively. 
Thicknesses are &om the well data. 
ln keeping with the regional geol- 
ogy, approhak ly  500 fk of HRZis 
modeled as h a h g  been deposited 
and subsequently eroded by the 
basal Middle Brookian uncon-
forxnity. 

The missing Bentonitic Shale 
unit and overlying Colville Group 
shde of the Middle BrooEan se- 
quence are modeled &r available 
well and o u ~ o p  data. Thickne~ses, 
ages and erosion are best estimates 
f i o m m m p ~ w n h t h e R . ~ o m o n  
area and the 1002 area (figure 7, 
Banet, 1992). M y relative minor 
changes to the thermal maturity 
occur when these Cretaceous age 
units are modeled as being twice as 
thick as shown on table 7 or as not 
being depsited instead of being 
eroded (Appedk  I).  I model ero- 
sion of 2,500 feet at the lower Term 
tiary uncodormity. Thisis cornpa-
rable to extent of erosion at the 
LCU. 

The middle Brookian sequence* 
15,937- 2,385 has two separate but 
related depositional regimes. Units 
N-lX(15*937- 9,518) have higher 
depsitiond rates than Units X -
XIlI (9?518- 2?385). These changes 
coincide with pronounced offsets 



obsewed in the ther.mil maturity 
indicators (plate 5) obsewed a t  
9?518. The sedimentation rates 
within each depositiond regime are 
similar for the contained units. This 
puke of middle Brookian clastic 
se&menh~oninitiates the begin- 
ning of major catagenesis in the 
Bredup sequence rocks at  approxi* 
mately 40 - 45 ma (figure8). 

As per the well data, the middle 
Brookian sequence is 13,552 feet 
thick. The upper Eocene 
uncodormity a t  2,385 removes an 
estimated 2,000 feet of section. 
Adding this amount of erosion and 
restoring the 2000 feet of section 
removed by the LTU yields a total 
thickness of' 17,552 fi. This total 

- thickness is near the approximate 
midpoint ofvarious regiod middle 
Brookian thickness estimates for 
the eastern part of the Beaufort 
shelf(Dixon and others, 1992; Craig 
and others, 1985 and Deitrich and 
others? 1985). The timing of the 
erosional event whichseparates the 
Middle &om the Upper Brookian 
sequenceispicked at a p p m h t e l y  
38ma. Laramide deformation was 
most intense in the eastern Beau- 
fort at this time (Hubbard and oth- 
ers, 1987). In addition, it approim 
mately coincides with the sudden 
and major expansion of the Antarc- 
tic ice shelf which dso may have 
contributed the regression of sea 
levels, world wide (Emiliani, 1987). 

The upper Brookian section, 
above 2,385, is Oligocene through 
upper ~ o c e n e  or lower Pliocene 
age (Plates 1and 2). The regional 
geology suggests that this shdow- 
est section of this well has under- 
gone several substantial episodes 
of uplift withsubsequent burial and 
sediment input from the south and 
east. At least two major 
unconformities probably exist 
within this section (Craig and oth- 
ers, 1985; Banet? 1990; Dixon and 
others, 1992). 

The log character indicates that. 
these. lithologies have very slow 
interval transit times above 2?385 
to where the geophysical logging 
ended a t  930 ft. Typically 
mcompacted sediments like these 
do not readily indicate any sonic 
& s c o n k ~ b s .So,log evidences of 
these m c o d o h t i e s  may be over-
lookediri the analysis (&met, 1992). 

The m c o d o d t i e s  may occur 
within the uppermost 900 fi which 
was not logged, or perhaps even the 
uppermost 300 fi, as the mudog 
8hows no significant lithological 
changes though thissection.How-
ever, note thatthere isno evidence 
on the logs of the regional Miocene 
unconformity (or mcodoe t i e s )  
within the upper Brookian section, 
which is/(are) so prominent in the 
offshore subsurface. Also, the 
fithologies across the angular,basd 
Tuktoyaktuk unconfomity are 



similar enough, especially fkom 
cuttings descriptions, to pass m-
detected to the casual observer. 

Regionally, the Upper Brookian 
sequence maybe as much as 15,000 
to 20,000 feet thick in the Barter 
and Demarcation subbasins jmta-
posed to Aurora (Craig and others, 
1985), or even thicker in the Cana- 
dian Beaufort (Issler and Snowdon, 
1990).Table 7 shows Unit X V is 
estimated to be 2,085 feet thick. 
Table 7 dso shows that approxi- 
mately Zp0O0 feet of section were 
removed by the upper Miocene 
u n c o d o ~ t y *  

Greater thicknesses do not f i t  
the data, nor are they compatible 

-	 with regional reanstmctiom* The 
upper Eocene age is compatible 
with reconstruction of uplifts in the 
Bulge, but italso coincides with the 
Antarctic ice sheet reaching the 
ocean (Ediani ,  1987). The basal 
Tuktoyaktuk sequence 
unconformity removes another 
Zp0O0ft of Upper Brookian section 
(tabk 7)- Onshorep at  the Marsh 
Creek anticline in the 1002 area, 

Burid reconstmctions with thicker 
upper Brookian or T&toyaU& 
sequence sections depress the on- 
set of catagenesis. However, this is 
considerably below that which is 
observed in the well data. 

As with the Upper Brookian 
m c o d o r ~ t i e s ,1 suggest that the 
basal TuktoyaktUk unconformity 
is probably coincident to both the 
tectonic uplifts marking the cW-
nation of the Camden orogeny 
(Hubbard and others, 1987) of the 
Bulge and the approximate onset of 
North American glaciation . 

(Emiliani, 1987). Initial Gubik 
deposition is about 3 ma (table 7). 
This age agrees with s d c i a l in&-
cations of faulting through the 
Quatemaqy, and it appro*ately 
coincides with the earlier stages of 
extensive North American glacia- 
tion. 

The complex nature of gladan 
tions, particularly the relatively 
recent Pliocene-Plesibcene glacia- 
tions, can only be approimated 
with the best of available model- 
ling efforts. Multiple pdses of ~edi-  

and offshore in the Beadort ~MEImenhtionmd repeated regressions 
m c o d o h t y  has an angular ge- 
ometqy. I reconstruct totd Upper 
Brookian deposition at Aurora as 
6,085 fi. Craig and others (1985) 
and Banet (1990) suggest similar 
thicknesses for this section along 
the Hinge Line where it overlies 
deformed lUid&e Brookian rocks. 

(Carter, 1987; Dinter, 1987) are 
combinedand dated most closely to 
the time of the re~pective sedimen-
tation or erosional maximum. In 
addition, the graphid representa- 
tion is not easily shown in the leg8 
than 5%of the time-record avail- 
able for showing the Pliocene and 



Pleistocene (figure8). 

The episodic Plio-Pleistocene 
glaciations and accompanflng 
permafrost present particular 
problems, Regressions resdt in 
dramatic sea level lowerings and 
changes to sedimentation pat- 
terns. Alteration of the subsur- 
face temperature regime is equally 
dramatic. For example, perma- 
frostis a current phenomena, but 
a geologically ephemeral event. 
On the North Slope it may reach 
appro~mately 2,000 feet thick- 
ness and thins d r m t i c d l y  off- 
shore due to the oceans' the& 
mass. An initial resdt is that the 
pemdkost mostlyafEects the shal- 
low BH.7' measwements (figure 
7). Imodel these factors (success- 
Mly, 1 hope) as part of the most 
recent u p l a  event a t  Aurora* Ad- 
ditional ~ubsudace temperature 

. 	eEects and corrections suggested 
by Lachenbmch and others (1982) 
exceed this current burial history 
modelling effort. 

Table 7 lists the various time- 
value inputs. Heat flow data are 
mostly &om comparison toexisting 
burid history data and fhm Waples 
and others (1992). S d a c e  tempera- 
tures are also estimates. The heat 
flow data are higher for rifling re- 
lated events than for the Brookian 
deposition. Sea level data are 
largely after Vail and others (1977) 
and water depth are estimates fkom 

the se&mentolo~. Like the ero- 
sional modelling, where pertinent 
data are al~olimited~ these are sim- 
plistic reconstmctions and are 
likely conservative. The addition of 
sea level to the modelling effort 
mostly afl'ects the temperatures 
and, to a lesser extent, the depths 
to which the units have been bur- 
ied. The geothemal gradient data -
also reflect higher temperature re- 
gimes for rifting events and lower 
gradients for rapid deposition. 

Even with these caveats, the 
observed data shows good agree- 
ment to caldated thermal matu- 
rity values fkom the burial history 
model (appedk) .  Vitrinite reflec- 
tance maturity data (%&I is only 
slightly higher than the burial his- 
tory model calculates through the 
catagenetic zone. 1 rely primarily 
on the %Ro data for compadng the 
burial history model tothe thermal 
maturity daboh addition to the 
good fit of the burial history model 
to the %bdata? the %bdata is 
considerably more consigtent than 
the either TAI orTmax data which 
show a lot of scatter with depth 
(appedk) .  OveraU, this thermal 
maturity mmnstmction fits the 
available data and this burial his-
tory reconstmction? remarkably 
well? given the initial estimates of 
erosion and uplifts in thisarea (fig-
ure 8, table 7)* 



The episodic Plio-Pleistocene 
glaciations and accompanfing 
permafrost present particular 
problems. Regressions resdt in 
dramatic sea level lowerings and 
changes to se&mentation pat- 
terns. Alteration of the subsur- 
face temperature regime is equally 
dramatic. For example, perma- 
&ost is a current phenomena, but 
a geologically ephemeral event. 
On the North Slope it may reach 
approimately 2,000 feet thick- 
ness and thins dramatically OED 
shore due to the oceans9 thermal 
mass. An initialresult is that the 
permaf?ost mostlyde& the shal- 
low BHT measwements (figure 
7). 1model these factors (success- 
Mly, 1 hope) as part of the most 

- recent uplift event at  Aurora. Ad- 
ditional subsurface temperature 
effects and corrections suggested 
by Lachenbmch and others (1982) 
exceed this current burial history 
modelling effort. 

Table 7 lists the various time- 
value inputs. Heat flow data are 
mostly &om comparison toexisting 
burial history data m d h m  Waples 
and others (1992).S d a c e  tempera- 
tures are also estimates. The heat 
flow data are higher for rifling re- 
lated events than for the Brookian 
deposition. Sea level data are 
largely after Vail and others (1977) 
andwater depth are estimates from 
the se&menblow. Like the ero- 
sional modelling, where pertinent 

data are also limited, these are sim- 
plistic reconstmctions and are 
likely conservative. The addition of 
sea level to the modelling effort 
mostly afEects the temperatures 
and, to  a lesser extent, the depths 
to which the units have been bur- 
ied. The geothermal gradient data 
also reflect higher temperature re- 
gimes for rifting events and lower 
gradients for rapid deposition. 

Even with these caveats, the 
obsewed data shows good agree- 
ment to calculated thermal ,matu- 
rity values &om the burial history 
model (uppedk) . Vitrinite reflec- 
tance maturity data (96%) is only 
slightly higher than the burial his-
tory model calculates though the 
catagenetic zone. 1 rely primarily 
on the %libdata for comparing the 
burial hiatorymodel to the thermal 
maturity data. hi addition to the 
good fit ~f the burial history model 
to the %bdata, the %bdata is 
considerably mom consistent than 
the either TAI or Tmax data which 
show a lot of scatter with depth 
(appedh) .  Overall, this thermal 
maturity reconstruction fits the . 

available data and this burial his- 
tory reconstmction, remarkably 
well, given the initid estimates of 
erosion and upl ih  in this area (fig-
ure 8, table 7). 



Aurora well drilled and sampled 
18,325 fk of clastic s e h e n t s  from 
the Breakup, Middle Brookian, 
Upper Brookian and probably 
Tuktoyaktuk depositional se- 
quences* These data fill a major 
gap between exploration efforts on 
Alaska's North Slope, the Beadort 
shelf and the Canadian Beaufort- 
Mackenzie delta. The erosional and 
depositional history has several 
gimilarities tohth  the R. Thomson 
area to the west and the Canadian 
Beaufort to the east. 

This geochemical profile shows 
that the Upper Brookian rocks have 
1 to 2% TOC, are &emdly imma- 
ture and have kerogens that are 
prone 4x1 generate gas. The Middle 
Bmokian rocks typicdly have 1% 
orle~s TOC and have kerogens that 
are likely Type IV, comprised pre- 
dominantly of recycled organic 
materid. The middle Brookian se- 
quence at  this location has limited 
capacity to generate hydrocarbons 
irrespective of thermal maturity. 
T%e basal Middle Brookian section 
has TOC values to about 5% but 
also has marginal capacity to yield 
hydrocarbons like the rest of the 
Brookian rocks. This is a classic 
example of rocks containing rela- 
tively high conentra~ons of TOC 
having margind capacity to gener- 
ata hy&omrbons: one of the most 

basic caveats of source rock andy- 
se~!  

The Breakup sequence rocks 
have TOCss between 1.5 and 2.0%. 
These rocks are themally ma- 
ture and have kerogens mostly 
prone to generate gas during py- 
rolysi~. Their capacity to generate 
liquid hydrocarbons is mostly 
spent 

The presence of extractable hy- 
drocarbons &om the organicdly 
lean and thermally immature 
Brookian section indicates that 
some migrated hydrocarbons are 
present at  this location. At present, 
the Bource ar sources of these 
anomdou~ hydrombom are un- 
known. However, the richest 
samples are sevemlywea&emd and 
bear minor resemblance to weath- 
ered seeps from the 1002 area. 
Other samples' h o r n a t o m 8  and 
alkane distribution suggest a pen- 
chant or disposition for a predomi- 
nantly nonmarine source rock. 

Vitrininte reflectance and gas 
wetnes~ show that the on~et  of tiher- 
d maturity is at 9,518 and that 
there am multiple thermal matu- 
rity regimes. The higher thermal 
maturity and rate of increase with 
burid suggests that the thermal 
maturity regime was more intense 
for the section below 9,518. TAI 
md%=amless sensitive to these 
changes. 



The burial history reconstruc- 
tion for this well is the most com- 
plex of any published for northern 
Alaska. However this approxima- 
tionis still simplistic and conserva- 
tive owing to the tectonic complex- 
ity of area and the amount of avail- 
able data? especially for those parts 
afEected by various glacial episodes. 
This burial history combines ob- 
served data with regional correla- 
tions and incorporates the limited 
available offshore seismic data sug- 
gesting that there have been mul- 
tiple periods of uplift and erosion. 
Still, thisinitiala p p r o b ~ o n g o d  
agreement between the observed 
data and calculated vdues. 

Burid histog modelling indi-
cates that hyiirocarbon genera- 
tioninthe basal Breakup sequence 
rocks began appmimately 45ma 
with the deposition of the Middle 
Brookian section. Further burial 
resulted in the breakdown of pe- 
troleum to condensate at  about 35 
ma and the trmsfomtion to gas 
atabout 16ma. Maximum burial 
for the Breakup sequence was 

probably about 23,000 fiand sub- 
sequent uplifts have been greater 
than about 3,500 fi. The current 
beginning of thermal maturity in 
the Brookian section is a t  9,518. 

The burial historyp the relatively 
orgdcly-lean nature of the kero- 
gens and thermal maturity of the 
sediments suggest that petroleum 
generating capacity of the Middle 
Brookian section at  this location is 
subsmtially less than that on- 
shore. However, there are anoma- 
lous, migrated hydrocarbons 
present in this section. This in&-
cates the presence of a successMly 
operating petroleum system some- 
where in the vicinity. In addition, 
regional geologic considerations 
and correlations tothePt.Thornson 
area sugge~t that more petroleum 
potential may exist south of this 
location, towards the culminations 
of the large seismidly mapped 
structures of the ANWR 1002area, 
where the two major sands, the 
Taphurak and Ortktalik, are not 
as deeply buried. 
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The determination of appropriate age 
and burial-depth parameters is necessay 
in estimating the timing and extents of 
hydrocarbon generation. However, these 
kinetic parameters are critically interre- 
lated and changing one depth or age ne- 
cessitates a*usting others. Even where 
data are abundant, the accurate burial 
histories are composed of geological and 
geochemical assumptions and compm- 
mises. Thus, iterative methods facilitate 
comparing and determining the most logi- 
cal and plausible assumptions. 

'Phese figures illustrate the fit of the 
Aurora analysis assumptions with the 
thermal maturity data. FigureAcompares 
the%Ro9TAIandTmaxdata to the Aurora 
burial history model. The %hdata fit the 
burial model most closely at  the high and 
low ends of thermal maturity. The data 
suggest a somewhat more severe thermal 
history, by a b u t  U.l%Fb through the 
middle of the catagenetic zone. This is due, 
to perhaps, higher temperatures during 
the deposition of Units V and VI. 

The %Ro data also reflect the distinct 
thermal maturity segments (the doglegs* 
discontinuous or kinky vitrinite reflee= 
h c e  profiles) described in the main p r -  
tion of the text. As an important aside, a 
regression of the %R,o is run on the data. 
This regression actually honors little of 
the data, with wide discrepancies on both 
ends. (The regression iss&stanstially less 
severe than the data through the 
catagenetic zone, but suggests a much 
more severe regime through the conden- 
sate field.) The analysis of the accompa- 
nying logs supports that there are sedi- 
mentological changes that accompany 

these offsets to the %bdata. The change 
and offset a t  9,518 does not coincide with 
an mconfomiQ, but the change and off'- 
set at  approximately 16,000(Plate41 coin-
cide well with the LTU pick a t  15,937. 

The TM data are widely scattered. In 
a gross way, TAI data also reflect a more 
severe thermal maturity regime through 
the middle of the catagenetic zone than 
throqh the more deeply buried litholo- 
gies. 

The Tmax data are more abundant 
than either %Ra and T N and are more 
widely scattered than both. This variation 
in the datais similar tothat repozted fkom 
1002area outcrops. The Tmaxdata h m  
Aurora change abmptly &om represent- 
ing a thermal regime less severe than the 
model through the diagenetic reeon, to a 
regime that wasmuch more severe through 
diagenesis. Oddly* the Tmax data h m  
the most deeply buried aection shows ther- 
mal maturity equd or less thanthat b m  
the catagenetic zone @@re 4. 

Changes to the burial history input 
parameters illu~trate that the mast re- 
cent changes have the most effect in deter- 
mining the onset of hydrocarbon genera- 
tion (FiguregB, C uad D). By modelling 
that the upper Cretaceous shales were not 
deposited, rather than eroded, imparts 
only small changes to the generation of 
hydmcarbons. The depth to the onset of 
catagenesis at the base of the Kingak is 
unchanged. However, the timing ofhydro- 
carbon generation is altered fhm approxi- 
mately 50 ma with deposition and subse- 
quent erosion to about 32 ma. 



Figzwes C and D also illustrate what 
happens if the basal upper Brookian 
mconfomity occurs at  9,518 and coinci- 
dent changes in the thermal maturity 
(%hand Gas Wetness). This assumption 
represents an influx of approximately 
l3,5OO&of upper Brookian sediment; over 
twice that shown in &urn 8.The result is 
that the depth of cakgenesis i~lowered to 
about 13,500. Concommi~tly,the onset 
of hydrocarbon generation is approxi- 
mately 34 ma for the base of the King&. 


